Introduction
With few exceptions, measurements of cometary brightness and polarization have been restricted to regions in or near the coma and therefore to a relatively small range of phase angles. Photoelectric techniques are required for detailed wavelength coverage, whereas large-field photographic techniques are better suited for mapping the large regions of sky spanned by a comet tail. Observations with a small field of view provide high spatial resolution but generally restrict multicolor measurements of brightness and polarization to* a small region of the comet. Observations with a large field of view (diameter larger than 1 or 2 deg) provide adequate color and spatial coverage but can result in the loss of detail.
A compromise is afforded by Fabry photometry, using a modest telescope of small aperture and relatively large field of view. This method (Fabry 1910, 19^3) The photometer utilized a coupled rotating polaroid-half wave synchronous detector to measure the surface brightness (radiance) of the total and polarized components and the plane of polarization* The field of view was defined by a variable-aperture diaphragm in the focal plane of a lUcm achromatic doublet. A 2.9 deg diameter field was used for observations of the comet and of the light of the night *Also referred to as orientation of the plane of polarization or direction of polarization or azimuth of vibration (Clarke sky during the same period. A field lens was used to focus an image of the objective on the S-ll cathode of a DuMont 6291 photomultiplier selected for high signal-to-noise ratio. Wavelength discrimination was provided by sequential observation with narrow-band interference filters (Table l) scanning in azimuth over a region of sky that included the comet as seen ("broadened) in the instrument system. Two methods were used to map the tail of the comet:
1. By scanning slowly (generally 0.5 deg/sec) back and forth in azimuth at a fixed altitude (elevation). This method was used for multicolor observations; e-g., a clockwise (CW) scan would be made at one color, the return (counterclockwise or CCW) scan would be made at another color, etc until all filters were used, after which the cycle would repeat. In this way, multicolor observations were obtained both along and across the tail of the comet as the comet moved up through the chosen elevation (10 or 20 deg) in the early morning sky.
2. By step-scanning. This method was used for single color or multicolor observations; e.g., a CW scan would be made at one elevation with one color, the instrument would increase elevation by 1 deg and would scan CCW with the same filter or with another filter, etc. until the entire region of sky containing the comet was observed. This method of scanning provided more information across the tail of the comet and made it possible to map the entire tail more frequently. % is measured in a counterclockwise direction from the zenith. In calibrations and fixed position observations the precision is better. For the levels of total and polarized light measured here by scanning, the precision in degree of polarization, p, is typically i .01. For fixed position observations at these same levels, the precision is typically -.005.
Corrections for Atmospheric Extinction and Field of View
Two corrections are required to derive the intrinsic brightness, polarization, and extent of the tail of the comet:
1. Corrections for the diluted brightness observed when the comet does not fill the field of view.
2-Corrections for the effects of atmospheric extinction and scattering.
After the comet brightnesses were separated from the background, they were multiplied by the ratio of the area of the effective (equal area) field of view (2.6 deg diameter) to the area of the portion of the tail contained in the field. For instantaneous fields of view centered on the tail axis, this factor was 1.77
In observations of the light of the night sky it is generally assumed that the effects of atmospheric extinction and of light scattered into and out of the field of view can be accounted for separately. In this study we neglect atmospheric scattering and treat the comet tail as a point source even though it appears as an extended source when scanned in the instrument system. It is assumed that the atmospheric attenuation can be characterized by the The data cannot be transformed at this point into brightness versus phase angle except along the tail axis where the integrated results are the same in the instrument system and in the comet system.
In a subsequent analysis, fields of view off the tail axis will be used in an attempt to derive the variation of brightness and polarization over the field of view (in azimuth and elevation) and, therefore, the intrinsic brightness and polarization of the comet with phase angle throughout the tail. At each elevation the azimuth corresponding to the tail axis was determined from the shape of the total brightness distribution near the maximum. Phase angles were determined for epoch of date using ephemeris elements given by Cunningham (1965) and Roemer (1966) Figure 7 and Table 2 give the integrated brightness and polarization along the tail axis The error bars in Figure 7 show the maximum effect on p of uncertainties in separating the comet brightnesses comet 1. In an analysis of all data on the neutral point we found: the neutral point phase angle decreased with time* for each wavelength, the rate of decrease was less at the longer wavelengths, and the phase angle of the neutral point changed from decreasing with wavelength on October 29 to increasing with wavelength by November 2.
2. The comet was not visible in total or in polarized light with the 5 7A filter at 5577-^. A faint enhancement seen with the 10.8A filter at 5577$. can be explained by the increased amount of continuum radiation passed by the broader filter.
3. In a preliminary analysis of morning zodiacal light observations on 8 nights between 5/6 October and 3A November, no changes were found that could be attributed to the presence of the newly injected cometary material.
The only other published observations of Comet I965 VIII far from the nucleus that we are aware of are those of Matyagin, et al. (1968) 2. The degree of polarization did not increase monotonically with distance from the nucleus, and it seemed to exhibit "waves" which were observed with both instruments.
Their data suggest that the wave front was normal to the tail axis.
Although structure was observed at each elevation in the Haleakala observations, the values of p at each elevation were distinctly separated from the values at any other elevation and they increased monotonically with distance from the nucleus. where a . and a are minimum and maximum radii, respectively, mm max Table 3 lists the input values for refractive index m, size distribution k, and particle radii. No assumption was made as to the numbers of particles or their distribution with distance from the nucleus. The routine was used to calculate the total and polarized brightnesses and the degree of polarization over a range of scattering angles for each of the models using an interval of .01// in the integration from a to a / min max For almost every model listed under input in Table 3 An auxiliary routine was written to try to obtain fits to the observed degree of polarization versus scattering angle-Using the aforementioned calculations to suggest starting values for the real and imaginary parts of m, for k, and for a and a , a "merit" min max factor was computed by summing the squares of the differences between the observed and calculated p's at each scattering angle. The value of the first parameter was then changed by a small amount, the merit factor was recalculated, and the derivative of the parameter was taken with respect to the merit factor. The original value of the parameter was incremented by the product of the derivative and the merit factor, and the process was continued until the merit factor decreased. This process was repeated on each of the parameters until the merit factor approached zero. The dominant size is of the order of the wavelength of the light ; ; ;
A review of our calculations and those of Greenberg (1970) , Hanner (unpublished), and Donn and Powell (unpublished) shows further that the decrease that we observe in the phase angle of the neutral point with time would be expected if the particles decreased in size and/or became more absorbing.
This preliminary look suggests that analysis of the remaining data, taken at different times and at different wavelengths, will help to determine the nature of the particles and the short term changes in the averages properties of these particles in the time just after perihelion.
